Abstract. With the refrigeration equipment working medium transition from high GWP to low, it is significant to study the environmental friendly refrigerant to protect the environment and avoid the greenhouse effect. Through theoretical analysis and experimental study of R32 and R1234ze mixtures, this paper provides the reference for the application of mixed refrigerant in the heat pump water heater. Based on REFPRO 9.0 and KW2 model parameters, this paper calculated the thermophysical properties of mixing refrigerant R32/R1234ze; according to the heat pump water heater test standard, figured out cycle performance of mixed refrigerant in different ratios. The results showed that the optimal mixture ratio is 0.7/0.3. Applying this ratio, in different operating conditions, the refrigerant performance tests are conducted in comparison with R410A on heat pump water heaters. The results indicate that, with the R32 and R1234ze refrigerant mixture under the ratio of 0.7/0.3, the compressor power consumption and discharge pressure are lower, which is conducive to the safe and stable operation of the water heater unit. But the system COP is higher than R410A, and the decline rate of COP is lower when the temperature is higher than the standard conditions. Therefore, the mixed refrigerant is feasible to replace R410A.
Introduction
In recent years, the climate change and environmental damage caused by the greenhouse gases have attracted increased attention to the environmental protection. Heat pump water heater has been widely concerned with high efficiency and environmental protection. Currently the heat pump systems are widely using R22 as refrigerant, which is a HCFCs type refrigerant and the main chemical substance that damages the ozone layer and generates greenhouse effect. < Montreal Protocol >requires developed countries to completely phase out HCFCs in 2020, and developing countries to phase out HCFCs in 2030 [1] . R410A is a substitute of R22. While its ODP is zero, the GWP value is 1924.The F-gas regulations are ended by the European Union in 2014, stipulate that refrigerators and freezers for home use, and those for business use, which contain HFCs and whose GWP value are above 150, are banned from market since January 1st 2015 and January 1st 2022 respectively [2] . DuPont Company and Honey Well Company jointly developed the new refrigerant R1234ze, a kind of environmental friendly refrigerants, with 0 ODP value and 6 GWP value, and have a short atmospheric lifetime. But its latent heat is small and its evaporation pressure and thermal conductivity is low, which will lead to a decline in system performance coefficient. However, R32 has good thermal properties and transmission properties, whose theoretical COP and volumetric refrigerating capacity are higher [3] [4] , and can be refrigerant mixtures to improve the R1234ze thermodynamic and transport properties [5] . Md. Anowar Hossain etc. have conducted the experiment of single tube flow heat transfer under the evaporation and condensation condition on the R32 and R1234ze mixed refrigerants [6] [7] .
In this paper, the operation characteristics of the whole system are studied with the performance test of the heat pump water heater under different conditions, and are based on the theoretical analysis of the thermal physical properties of the mixture and the optimum mixture ratio discussion for the refrigeration cycle. 
where, a is the molar Helmholtz energy of a mixture, T is the mixture temperature,
⋅ is the universal gas constant, idmix is the ideal mixture contribution, and calculated from
Thermodynamic Analysis. This paper selects the REFPRO9.0 issued by the National Institute of standards and Technology (NIST) calculation program and uses KW2 model parameters optimized by Akasaka R (as in Table 1 below) to calculate thermal physical properties and cycle performance of R32 and R1234ze refrigerant mixture in various ratio. The ratio of R32/ R1234ze is shown in Table 2 . Using different ratio of mixed refrigerant as the research object, the saturation properties of P-H diagram is drawn in Fig. 1 . With increasing content of R32 ratio, the critical point and critical temperature of the mixture rising gradually, and has an impact on the performance of the cycle and the saturated vapor of mixtures. By selecting the saturation temperature line 253.15K as a baseline and comparing the curves in the graph, it is found that there exists temperature slip in the mixed refrigerant under different ratio, and with the increase of R32, temperature slip decrease gradually, reaching the maximum at ratio 1. The main cause for this phenomenon is the non-azeotropic property of the R32 and R1234ze refrigerant mixture. The change of the ratio will lead to the latent heat of vaporization and result in changes in the scope of the two-phase region. These factors caused the temperature glide. Theoretical Analysis of Cycle Performance. Conditions of the theoretical cycle calculation are chosen according to relevant requirements on heat pump hot water device test conditions in the national standard GB/T 231372008 [9] . For hygiene concern, the temperature of hot water needs to be higher than 55°C in daily use in urban area. For daily purposes like bathing and laundry, heat pump can provide hot water of 40°C or 45°C, and can ensure a required flow, if there is no need for a water tank [10] . Because of the limited capacity of the laboratory, smaller-power units are chosen, and the research mainly works by the comparison of refrigerant performances. This paper selects 42°C as outlet water temperature of instant heat pump water heater and 52°C as the condensing temperature for the heat pump unit. The theoretical cycle calculation of mixed refrigerant and R32, R410A and R1234ze under different ratios is performed with standard condition. Test conditions are shown in Table 3 . The state parameters including pressure, specific enthalpy, specific volume and specific entropy are calculated from REFPROP9.0. The calculation results are listed in Table 4 .
When the mixed refrigerant are in Ratio 4 and Ratio 5, the heating coefficient is higher than R410A, the volumetric capacity is close, the condensing pressure is lower, and the cycle performance is improved, which indicates a substitute for R410A. Considering the low GWP value and low exhaust pressure of R1234ze, Ratio 4, meaning the ratio 0.7/0.3 of R32/ R1234ze can be the substitute for R410A. Material. R1234ze, a kind of environmental friendly refrigerant, with 0 ODP value and 6 GWP value, and have a short atmospheric lifetime. But its latent heat is small and its evaporation pressure and thermal conductivity is low, which will lead to a decline in system performance coefficient. However, R32 has good thermal properties and transmission properties, whose theoretical COP and volumetric refrigerating capacity are higher [3, 4] , and can be refrigerant mixture to improve the R1234ze thermodynamic and transport properties [5] . The result of theoretical calculation shows that the optimal ratio of R32/ R1234ze is 0.7/0.3, which can be the substitute for R410A.
Methods.
On the basis of the theoretical analysis of the thermal physical properties and cyclic performance of R32 and R1234ze mixed refrigerant, to make a contrast in practical operation, a practical test of the heat pump water heater with refrigerant mixture and R410A will be conducted. R410A special compressor is selected for the heat pump water heater, at the power of 1615W under standard conditions; the condenser is a shell-and-tube heat exchanger; the evaporator is a finned tube heat exchanger with 7mm tube diameter; temperature is collected with T type thermocouples; and a pressure transmitter is equipped in the inlet and outlet of the compressor. The schematic diagram of the experiment system is shown in Fig. 2 . Table 5 , the standard condition is number 4. Experimental Results and Performance Analysis. Analysis of the compressor's suction and discharge temperature and pressure. The suction and discharge temperature and pressure of mixed refrigerant and R410A under different conditions are shown in Fig. 3 and Fig. 4 respectively. With the increase of ambient temperature and inlet water temperature, the suction and discharge temperature and pressure of R410A are increasing. The suction and discharge pressure of R32 and R1234ze mixture are lower than that of R410A, which is mainly due to the influence of R1234ze; the suction and discharge temperature and pressure of pure R1234ze both are lower than those of R410A. compressor under different conditions.
When the ambient temperature and water temperature increase, the condensing effect of the refrigerant becomes worse, resulting in the rise of condensation pressure and the increase of compressor discharge pressure, whilst the compressor suction pressure almost stays the same. Therefore, the pressure ratio increases in the high temperature conditions. However, the change of pressure ratio of R32 and R1234ze refrigerant mixture is obviously smaller than that of R410A. Lower pressure is a guarantee for the safe operation of the unit.
Analysis of compressor power and COP. As shown in Fig. 5 and Fig. 6 , the COP value of R32 and R1234ze mixture is higher than that of R410A, with the maximum value 3.56 for R410A, and the maximum value 4 for the mixture. With the increase of temperature, the discharge temperature and pressure becomes higher, the heat transferring becomes worse, and compressor power becomes larger. Under condition 4/5/6, the COP values of the refrigerant mixture and R410A both show a decreasing trend, but the trend for R410A is more obvious. This is because the suction and discharge pressure of mixed refrigerant is lower and the slope of isentropic of the cyclic system is larger in the overheated zone in the pressure enthalpy diagram. With the increase of environmental temperature, compressor power changes slowly. When the heat transfer changes little, the COP of the system decreases more slowly. 
Summary
This paper calculates the cyclic performance and thermophysical properties of R32 and R1234ze mixed refrigerant in different ratios, and finds that when the ratio of R32 and R1234ze is 0.7/0.3, the volumetric capacity is closed to R410A, and the heat coefficient is higher; the condensing pressure is lower, and the cycle performance is improved. 
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An experimental study is conducted on the application of R32 and R1234ze mixed refrigerant and R410A in heat pump water heater in the ratio of 0.7/0.3, analyzing the operating parameters of R32 and R1234ze mixed refrigerant and R410A heat pump water heater under different conditions. The experiment results show that the operating pressure of R32 and R1234ze mixed refrigerant system is lower than that of R410A system, which is safer for the operation, and the outlet water temperature is similar with higher COP. And the advantage of R32 and R1234ze mixed refrigerant system is more obvious under high-temperature operation conditions, which provide the feasible reference for refrigerant heat pump water heater replacement.
